Clinical vignette: A 29-year-old woman is referred for management of infertility. After menarche at age 12, menses occurred irregularly for a year and then became regular. She initiated use of oral contraceptive pills at the age of 18, then stopped at age 27 to try to conceive. Evaluation revealed hyperprolactinemia with serum prolactin of 90 ng/ml; pituitary MRI showed a 6-mm microadenoma. Other pituitary function tested was normal. Therapy was initiated with bromocriptine, but it was poorly tolerated, with fatigue, nausea, and lightheadedness to the point of syncopal events during her work as a hairdresser. Treatment was changed to cabergoline, with similar difficulties. Prolactin levels declined to the 30s-40s, but she was never able to tolerate the medication sufficiently to attain normal prolactin levels, and menses were sporadic and infrequent, with only 2-3 occurring per year. She and her husband had not conceived despite regular unprotected intercourse. She asks whether other medical treatment options might be available for her infertility.
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Current therapy
Prolactin-secreting adenomas are the most common functioning pituitary tumor (1, 2) . In women, most prolactinomas are microadenomas (<10 mm), and hypersecretion of prolactin leads to amenorrhea, galactorrhea, and infertility. Similarly, men may also have hypogonadism and infertility. Infertility results from suppression of gonadotropin secretion, manifest as hypogonadotropic hypogonadism (HH) (3) . The goals of therapy are to normalize prolactin, reduce tumor size, reverse hypogonadism, and restore fertility. The most common treatment approach is with the dopamine receptor agonists, bromocriptine and cabergoline. Bromocriptine normalizes prolactin and decreases tumor size in 80%-90% of patients with microadenomas. Adverse effects include nausea, orthostatic hypotension, headache, and fatigue. The more selective D2 receptor agonist, cabergoline, is more effective and better tolerated than bromocriptine. While cabergoline is the most commonly used medical therapy and can be used in women trying to conceive, bromo criptine has been used more extensively during pregnancy and as a result its safety record is better established. Dopamine receptor agonist intolerance leading to discontinuation occurs in 10%-20% of patients.
Knowledge gaps
While hyperprolactinemia is a well-established cause of HH and infertility, the mechanisms of these effects are not well understood. Elevated prolactin may impact reproduction through inhibitory effects on hypothalamic gonadotropin-releasing hormone (GnRH) neurons and/or on the pituitary gland to reduce secretion of the gonadotropins luteinizing hormone (LH) and follicle-stimulating hormone (FSH), resulting in a reduction in both amplitude and frequency of LH pulses (4) . Prolactin may act directly on GnRH neurons to suppress GnRH secretion, or the effects may be indirect, mediated through other afferent pathways, perhaps via other neurons influencing GnRH release (5). During lactation, additional metabolic factors induced by negative energy balance may also contribute to disruption of pulsatile GnRH and LH secretion.
Research advances
In this issue of the JCI, a study by Sonigo et al. (6) using a mouse model of hyperprolactinemia provides important insights into the neural pathways by which the hypothalamic-pituitary-gonadal axis is suppressed to cause infertility. Continuous infusion of prolactin subcutaneously in female mice resulting in hyperprolactinemia (mean, 260 ng/ml) is associated with loss of estrous cyclicity, anovulation as reflected by a decrease in ovarian corpora lutea, a reduction in circulating LH and FSH levels, and a decrease in pituitary Lhb and Fshb mRNA. Kisspeptin, a neuropeptide encoded by the Kiss1 gene, has been recognized in recent years as a potent stimulus of GnRH secretion, of critical importance for pubertal maturation and regulation of reproductive function (7). In the mouse, kisspeptin is expressed in two hypothalamic neuronal populations: in the arcuate nucleus (ARC), which mediates sex steroid negative feedback regulation of GnRH release, and in the anteroventral periventricular nucleus (AVPV), which mediates the estrogen-induced ovulatory surge of GnRH in females. Kisspeptin immunoreactivity was reduced in both the ARC and AVPV in the hyperprolactinemic mouse model, suggesting that kisspeptin plays a role in mediating hyperprolactinemia-induced anovulation and HH. In support of this hypothesis, the administration of intraperitoneal injections of kisspeptin once daily into the hyperprolactinemic mice for 20 days restored estrous cyclicity, induced ovulation, and increased pituitary Lhb and Fshb mRNA and circulating LH and FSH levels. Furthermore, treatment of ex vivo medial basal hypothalamic explants with prolactin suppressed GnRH release, whereas cotreatment with kisspeptin and prolactin prevented the prolactin-induced decrease. Taken together with a prior report that kisspeptin neurons express prolactin receptors (5), these data suggest that kisspeptin may be the missing link between hyperprolactinemia and the associated HH and infertility (Figure 1 ).
Implications and future directions
The study by Sonigo et al. (6) provides important new insights into potential mechanisms and pathways mediating hypogonadotropic anovulation associated with hypeprolactinemia, which results in amenorrhea, infertility, and hypogonadism. The data suggest that suppression of kisspeptin may mediate prolactin-induced inhibition of cycles, although other GnRH neuromodulators may also contribute to these effects, as may direct effects on GnRH neurons or on pituitary gonadotropes ( Figure  1 ). The ability of exogenously administered kisspeptin to reverse the hypogonadotropic effects of hyperprolactinemia has potential therapeutic implications. Treatment with cycles in the mouse model. Coupled with recent evidence that kisspeptin infusion in humans can restore pulsatile LH secretion (8), treatment with kisspeptin or kisspeptin agonists may provide an avenue toward fertility induction in patients with hyperprolactinemia in the future.
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Figure 1
Model of mechanisms of hyperprolactinemiainduced hypogonadism. Increased serum prolactin (PRL) levels result in decreased kisspeptin expression in Kiss1 neurons in both the hypothalamic arcuate (ARC) and anteroventral periventricular (AVPV) nuclei, mediated by prolactin receptors (PRLR) expressed on both populations of Kiss1 neurons. Suppression of kisspeptin, in turn, reduces GnRH release and results in loss of the ovulatory GnRH surge. This leads to reduced pituitary gonadotropin (LH and FSH) secretion and loss of ovarian stimulation, which results in hypogonadism, infertility, and amenorrhea. Prolactin may also have direct effects on GnRH neurons and/ or pituitary gonadotropes, or on other GnRH afferent neurons.
